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ABSTRACT 
Iowa faces water quality issues from nutrient pollution. Runoff of soil, fertilizer, 
and manure into Iowa’s streams and lakes increases nutrient loads of nitrogen and 
phosphorous to potentially harmful levels and impacts drinking water sources for every 
citizen in the state. Among the most understudied aspects of the state’s water pollution 
problem is its impact on rural communities. Around 230,000 households in Iowa have well 
water as their primary source of drinking water, but well water is not regulated by the 
United States’ Environmental Protection Agency. These households are potentially 
exposed to high levels of nitrate pollution. The objective of this study is to understand 
households’ avoidance behaviors in response to nitrate pollution and to see if a simple 
information provision such as a testing kit will change households’ avoidance behaviors. 
This paper focuses on the results from phase one of the field experiment. To conduct phase 
one of the three phase field experiment, we surveyed around 8,000 households in rural 
Iowa. The baseline survey asked about households’ well characteristics, primary drinking 
water usage, filter usage, water quality testing history, and general awareness of nitrate 
pollution. 
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CHAPTER 1. INTRODUCTION 
Health-based drinking water quality violations impact millions of Americans each year 
despite countless conservation programs, resources, and efforts to provide the population with 
clean, fresh water (Allaire et al., 2018). According to the Environmental Working Group, in 
2015 over seven million Americans were exposed to nitrate levels that were lower than the 
Environmental Protection Agency’s (EPA) requirement but high enough to be linked to 
numerous types of cancer. Recent events highlight that providing reliable, safe drinking water 
is problematic in both urban and rural regions across the country. In Flint, Michigan, tens of 
thousands of households were exposed to unsafe levels of lead in their drinking water, an event 
caused by the city’s decision to switch its water supply to the Flint River as a means to reduce 
costs (Peplow, 2018). Other high-profile cases include events in Compton, California and 
Martine County, Kentucky. In both communities, residents have discolored, odorous tap water 
flowing from their faucets, and the problem is still not resolved (Lonsdorf, 2018). In the state 
of Iowa, the land is drastically altered to suit the needs of farmers that are leading the United 
States in corn and soybean production. However, the techniques used to manage this landscape 
affect the water quality downstream and upstream. 
Therefore, in Iowa, we believe households with well water as their primary water 
source may be exhibiting avoidance behavior to nitrate pollution, but we do not know to what 
extent. Avoidance behaviors are any actions taken to avoid nitrate pollution (i.e., buying 
bottled water, implementing an entire household filtration system, etc.). Through a three phase 
experiment conducted in rural Iowa, we are studying how a simple information provision, an 
in-home nitrate testing kit, could change households’ behaviors. Phase one consists of a 
baseline survey to understand our sample’s drinking water usage. In phase two, we will send 
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out a letter and an in-home nitrate testing kit to a subset of households that responded to the 
baseline survey in phase one. In phase three, we will send the entire sample a similar survey to 
the baseline survey to see if the households who received the testing kit systematically changed 
their drinking water habits. Phase two and three are not completed. In this paper, I will be 
presenting phase one’s results and explaining the background, motivation, and methodology 
for phase two and three. 
In Iowa, a significant number of households rely on well water, over 230,000 
households (Tang et al., 2018). In the United States, 12% of the population’s main water source 
is private wells. We are focusing on this population because private well owners are not 
regulated by the EPA or the state government. These households may be exposed to unsafe 
drinking water, but ultimately these households’ exposure is unknown and understudied. 
Excess nitrates can impact individual’s health in numerous ways, some of which are 
understudied and not known yet. Nitrate pollution is most commonly known for being linked 
to blue baby syndrome and other chronic illnesses. However, if a household is unaware of the 
issue due to lack of frequent well testing or uninformed about the health consequences of 
excess nitrates, they cannot or may not want to change their behavior. The behavioral changes 
to protect one’s households from nitrate pollution are rather simple and inexpensive: drink 
bottled water, buy a filtered water pitcher, etc. Unlike other water pollutants, boiling the 
drinking water actually makes the nitrates more concentrated.  Thus, with a simple in-home 
nitrate testing kits, households could potentially become more informed about the quality of 
their drinking water and then change their behavior if necessary. 
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CHAPTER 2. BACKGROUND 
2.1 Nitrate Pollution 
Nitrates are naturally found in fresh bodies of water and soil; however, there are 
significantly more nitrates in the soil because of human impacts. When households fertilize 
their grass, they are leaking nitrates into the soil. It is particular important in agricultural 
regions where manure and fertilizers are commonly used to help plants grow. With 85% of 
Iowa’s land being dedicated to agriculture, the land is extensively managed to get the best 
yields possible, which includes using manure and fertilizer (“A Look at Iowa Agriculture,” 
2018). The farmers’ choice of crops does play a role in nitrate pollution. Often, if the farm 
rotates between crops like soybeans to corn each year, the nitrate pollution from those fields 
are often lower compared to farmers who continuously plant corn. This is vitally important 
because as these markets grow it will be more important to properly manage Iowa’s land. 
However, since 2005, plant rotation has become less common due to the importance of corn 
as an input for ethanol products, particularly due to the United States’ renewable energy 
mandates (Tang et al., 2018). It is also important to note that nitrate pollution also depends on 
geology, land use, and the weather. 
Nutrients penetrating the water table and groundwater depend on numerous factors. 
Nitrates do not attach to soil particles making it easier for the nutrient to move through water. 
Much like when it rains, if the soil particle is full, the water moves downward. The amount of 
nitrate leaching into groundwater depends on how much nitrogen is currently there, the plants 
usage of the nitrogen, rainfall, and the soil and bedrock type. For instance, clay soils are less 
prone to leaching compared to sandy soils (Killpack and Buchholz, n.d.). Iowa’s soil, bedrock, 
and aquifers vary throughout the state resulting in different nitrate penetration (Tang et al., 
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2017). All of these factors affect the amount of nitrates entering into Iowa’s groundwater 
supply. 
Over the past decade, nitrate pollution from fertilizer has also been affecting the water 
quality downstream, which has been extensively studied (Rabotyagov et al., 2014). The 
Hypoxic Zone, also referred to as the dead zone, continues to recur annually despite state 
efforts and the EPA’s Hypoxia Task Force’s 2008 Action Plan. According to the National 
Oceanic and Atmospheric Administration (NOAA), the 2018 summer forecasted hypoxic zone 
was 5,780 square miles, approximately the size of Connecticut (“Average sized dead zone,” 
2018). This area is primarily caused by the farming upstream, urbanization, soil erosion and 
excess nutrients. The hypoxic zone negatively impacts fisheries and other aquatic animals and 
overall disrupts the ecosystem (“Hypoxia 101,” n.d.). Therefore, not only does nitrate pollution 
affect Iowa’s drinking, but it affects the freshwater traveling down the Mississippi River. This 
is important because based on the 2012 Farm Poll in Iowa, many farmers are unaware of key 
nitrate management practices (Arbukle et al., 2014). If the farmers and entire households 
become more informed, change could potentially occur in the form of public policy, regulation, 
increase avoidance behaviors, or voluntary adoption of conservation practices. This 
experiment helps policy makers further understand how a simple, inexpensive information 
provision, such as an in-home nitrate testing kit, could potentially have positive impacts on 
behavior and increase general knowledge and awareness of nitrate pollution in the local area. 
The United States Department of Agriculture (USDA) Farm Service Agency and state 
agencies are taking steps to reduce nitrate pollution. In Iowa, a water quality bill was passed 
in 2018 that allocated $282 million in funds over twelve years (Pfannenstiel, B. and D. Eller, 
2018). The majority of this money is dedicated to Iowa farmers to promote conservation 
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practices, such as cover crops and saturated buffers. All of these practices help reduce the 
excess nutrients from entering into the waterways. Iowa is taking steps to make the public more 
aware of these water quality issues. The Iowa Nutrient Reduction Strategy (NRS), which began 
in 2012, is a direct effort to use science and technology to assess and reduce nitrates in Iowa’s 
streams, lakes, and rivers. According to Iowa NRS Executive Summary, outreach events in 
2016-2017 doubled. Partnering organizations hosted 474 events with 54,500 attendees (“Iowa 
Nutrient Reduction,” 2017). These events make the public more informed about nitrate 
pollution in Iowa. 
Excess nitrates are costly to remove from drinking water. Homeowners can install 
point-of-entry (POE) or point-of-use (POU) systems. POE systems treat the drinking water 
prior to the water entering the home compared to POU systems treat drinking water as it is 
coming out of the faucet. There are several treatment systems available for households to install 
to treat nitrates in their drinking water. Ion exchange (IX) units are an option. This system is 
similar to a water softener. Some drawbacks include price, upkeep, and waste volume. Another 
treatment is reverse osmosis, which is a POU system. This treatment removes around 90% of 
nitrates in water. It is typically more expensive than IX, requires a lot of equipment, and is a 
slow system. Finally, a more familiar process to removing nutrients and minerals is distillation, 
which is also a very slow process. The water has to be boiled, cooled, then condensed, and it 
removes good minerals too, such as calcium and magnesium (Swistock, 2015). Non-treatment 
options include alternative sources such as bottled water; however, this option could potentially 
still cost families upward of a thousand dollars a year (Tang et al., 2018). Homeowners could 
also abandon their well, drill a new well, or reconstruct their old well. Reconstructing an old 
well is estimated to cost anywhere from $860 to $3,600. Drilling a new well is estimated to 
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cost $2,100 upward to $3,600 (Jensen et al., 2012). In a survey conducted in Minnesota, 
Lewandowski et al. (2008) quantified the amount spent by homeowners due to presence of 
nitrates in these well owners’ water. The initial costs were substantial. For a reserve osmosis 
system, the average initial cost was $850. Groundwater contamination directly impacts 
homeowners’ pocketbook, drinking water, and health. Private well owners have numerous 
options to avoid nitrate leaching, but most of these options are quite expensive. 
Nitrates alter the environment and have health consequences when consumed in high 
levels. The biggest known health issue associated with exposure to high levels of nitrate 
pollution is blue baby syndrome, which causes babies to not get enough oxygen in their bodies 
(Knobeloch et al., 2000). In the study, Knobeloch et al. (2000) explained, “Two cases of blue 
baby syndrome were recently investigated. Both cases involved infants who became ill after 
being fed formula that was reconstituted with water from private wells. Water samples 
collected from these wells during the infants' illnesses contained nitrate-nitrogen 
concentrations of 22.9 and 27.4 mg/L.” It is also associated with a few other birth defects, such 
as oral cleft defects and limb deficiencies (Brender et al., 2013). Nitrate pollution is linked 
with other chronic health effects, but these health impacts need to be researched more (Tang 
et al., 2018). 
Excess nitrogen affects more than just water. It can negatively impact air quality and 
climate, but the cost of nitrogen (N) to the environment is not fully known. In a recent paper 
by Keeler et al. (2016), they propose an approach to estimating this cost that attempts to bridge 
the gap between biophysical models and economic models. The authors discuss the difficulties 
associated with measuring this cost and find, “The social costs of N pollution are highly 
dependent on where N enters the environment, where it travels, and the damages that occur 
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along the transformation of N through different forms and across space.” Monetizing the cost 
of nitrogen pollution is extremely important for the management of nitrogen and environmental 
policy in the future. In study conducted in Southeastern Minnesota, Keeler and Polasky (2014) 
estimated the costs associated with land-use changes, grassland converted to agriculture, to 
private well owners. They found it cost homeowners around $0.7-12 million (present values 
over twenty year horizon) to address nitrate contamination. The negative impacts of nitrate 
contamination directly affect consumers and is essential to understand as the use of nitrates for 
agriculture continues to increase. 
2.2 The Role of Information Provision in Experiments 
A growing body of literature has focused on how simple information plays a role in 
decision making. Even though a basic assumption in economic theory is agents are fully 
informed, often this is not the case. For instance, Grubb and Osborne (2015) found when 
consumers learned they were going to hit a higher priced usage level for their mobile phone 
plan, they restricted their usage. This basic information can also be unclear. Other recent 
literature focused on if agents fully comprehend the information and understand the price of a 
good or service. One example is Finkelstein (2009) showed drivers are less price elastic to road 
toll costs and less aware of the tolls when there is electronic toll collection. Also, in steady 
state with electronic toll collection, the rates are estimated to be 20 to 40 percent higher 
compared to the alternative state without the technology. For this paper, the setting gets more 
complicated because households may not be able to see the physical benefits from changing 
their behavior in the short run. 
In our experiment, a subset of households receive in-home nitrating testing kits. The 
household may test their water, and it has 9 mg/L of nitrates as of April which is still safe by 
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the EPA. However, it is close to the 10 mg/L level. The household may deem it too costly to 
take extra prevention of exposure. Another household may test their water, and it is at 11 mg/L 
of nitrates. However, there are no children in the house, and they are a part of the low risk 
population and unaware of the chronic illnesses associated with high nitrate levels. All of these 
scenarios are possible. The goal of this experiment is to determine if this simple information 
provision will change their behavior by purchasing more bottled water, in-home filtration 
systems, willingness to pay for more testing kits, etc. A recent paper by Jessoe and Rapson 
(2014) studied the impacts of information about non-price attributes in regards to household 
electricity usage. Since residential electricity demand is not easily trackable and the electricity 
bill comes once a month, households historically have been less sensitive to price changes. In 
their experiment, they were able to provide their households with real-time energy usage using 
an in-home display. This information resulted in a greater price elasticity of demand. In our 
experiment, households have the option to contact the Grants to Counties Well Water Program 
for another free, more precise well testing. Since nitrate levels vary by season, rainfall, soil 
texture, the household’s ability to easily test their water more frequently could potentially 
result in a greater awareness and avoidance behaviors. 
One study, in particular, used revealed preferences to understand how drinking water 
information affects avoidance behaviors. Ziven et al. (2011) looked at bottled water 
consumption in response to water quality information, such as a boil alerts and fish advisories. 
They found a significant increase in water bottle consumption. For violations due to 
microorganisms, such as coliform bacteria, bottled water sales went up by 22%. For chemical 
and element violations, bottled water sales went up by 17%. For nitrate violations, bottle water 
sales went up by 26%, but it was not statistically significant. They found the costs of these 
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avoidance behaviors was $60 million in 2005. The actual costs of these avoidance behaviors 
were most likely more, and this study indicates people would be willing to pay to eliminate 
these violations. 
In the letter sent with the testing kits, there will be a social comparison. Social comparisons 
have been studied in numerous settings including water conservation (Ferraro et al., 2011; 
Ferraro and Price, 2013), energy conservation (Allcott, 2011; Nolan et al., 2008; Schultz et al., 
2007), and charitable giving (Fry and Merier, 2004). In the conservation studies, pro-social 
behavior such as a comparison between an individual household energy usage and the 
neighbor’s household usage via the Home Energy Report letters resulted in the targeted 
outcome of less energy being used. The same was also true about donations. Once the 
participants learned that a high percentage of the other participants were contributing, they 
were more likely to contribute. In a natural field experiment in Atlanta, Georgia with a sample 
of more than 100,000 households, Ferraro and Price (2013) found that social comparison 
messages had the greatest impact on residential water demand, especially on high users. In our 
project, the goal is similar. The targeted outcome for this social comparison would be more 
households seek additional testing through the Grants to Counties Well Water Program and/or 
the purchasing of in-home nitrate testing kits once they realize households in their county are 
already testing their drinking water. 
Recent water quality experiments have looked at how information provisions change 
behavior in developing countries (Trent et al., 2018; Brown et al., 2017; Madajewicz et al., 
2007). In these studies, the information provisions were specific to the households’ drinking 
water which led to decreased exposure and improved drinking water quality. In Brown (2017), 
households of a lower socioeconomic status (SES) purchased more Aquatabs (a point-of-use 
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chlorine-based treatment products). In Bangladesh, a household’s probability of switching 
wells increased by .37 after their wells were marked unsafe (Madajewicz et al., 2007). These 
experiments clearly exhibit that well-specific water quality information is a powerful tool to 
alter drinking water habits and reduce exposure. 
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CHAPTER 3. METHODOLOGY 
3.1 Survey Design 
The Leopold Center of Sustainable Agriculture and Center of Agricultural and Rural 
Development (CARD) at Iowa State University provided funding to conduct this field survey 
to study rural households’ avoidance behaviors to nitrate pollution. The entire project consists 
of three phases: a baseline survey, in-home nitrate testing kit, and a follow-up survey. We are 
also interested in bottled water and filter consumption, participation in publicly funded water 
quality testing program, and willingness to pay for more testing in-home kits.  
For this paper, I focus on phase one of the experiment in the results section, which was 
completed in 2018. The other two phases begin in the spring and summer of 2019. In phase 
one, Platt maps of six Iowa counties were digitized to obtain a sample of 7,989 households that 
uses well water as their primary source of water. Through the Iowa Department of Natural 
Resources (Iowa DNR) Source Water Protection (SWP) Program, we knew which community 
water supplies were susceptible to contaminants and concluded private well owners in these 
communities would also be at similar risk level. The level of susceptibility is on a scale from 
highly susceptible to low susceptibility. According to Iowa DNR, a high susceptible 
community has “less than 25 feet of confining layer thickness,” and a low susceptible 
community has “more than 100 feet confining layer of thickness.” Subsurface layers, such as 
clay and till, hinder the movement of water making it more difficult for potential contaminants 
to enter the water supply. Based on these guidelines, we selected our sample. The counties 
sampled were Bremer, Butler, Cedar, Fremont, Jones, and Mills.  
A simple front and back survey was then sent out to the sample with a $2 bill to 
incentivize households to respond (see Figure 1.1), which follows standard best practices in 
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the survey design literature (Dillman et al., 2009). In the survey, we asked how the households 
use their water, if they use other water sources (i.e., bottled water, filter purchases, etc.), their 
perception of their water, and other usage questions to examine if they currently exhibit any 
avoidance behaviors to nitrate pollution. This survey gave a baseline of each household’s usage 
and current behaviors. All households sampled were sent a reminder postcard. The non-
respondent households received a follow-up second survey. The survey was very successful. 
We received 4,245 completed surveys, giving us a 53.1% response rate. Table 1 below gives a 
summary of the sampled counties and the response rates from each county. Total response by 
question is 4,283 because some households reported multiple answers. For instance, for the 
question regarding owning or renting their home, numerous households reported no to renting 
and owning.  
In the second phase of the experiment, a subset of the households that responded to the 
first phase survey, approximately 2,800 households of the 4,245 households that completed 
the baseline survey, will receive at-home nitrate testing kits. The remaining 1,400 households 
will be the control group. With each testing kit, there will be a letter on how to use it and 
information on how to contact the Grants to Counties Well Water Program if they want any 
further testing done. The well water program was established as part of the Iowa Groundwater 
Protection Act in 1987 passed by the Iowa legislature (“Grants to Counties,” n.d.). It was 
designed to protect Iowa’s groundwater by providing grants to local county health departments. 
If a household would like their well tested, they may contact this program and receive a test 
for free. The at-home testing kits are simple to use and are able to signal if the households’ 
well water is under the EPA’s maximum level of nitrate pollution of 10 m/L, but the well water 
program can provide a more in-depth and precise analysis of the household’s drinking water. 
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Table 1. Summary of Survey Mailing and Response Rate 
 Valid Surveys Mailed Completed Surveys Response Rate (%) 
Bremer 1,168 649 55.6 
Butler 1,050 538 51.2 
Cedar 2,040 1,059 51.9 
Fremont 491 256 52.1 
Jones 2,247 1,214 54.0 
Mills 993 520 52.4 
No I.D. -- 9 -- 
Total 7,989 4,245 53.1 
Source: Author's calculations based on the final survey. 
 
In the testing kit letter, some of the households will receive a social comparison note 
in their letter to further encourage households to seek more information about their water. The 
social comparison section of the letter allows the participant to see how they match up against 
their neighbors in terms of testing their well. An example of this comparison is “40% of the 
households in your county have tested their wells in the last year, you should too!” To do this 
comparison, the Grants to Counties Well Water Program provided their well testing data. This 
social comparison nudge has been very successful in recent literature dealing with energy 
efficiency (Allcott, 2011; Nolan et al., 2008; Schultz et al., 2007) and charitable giving (Fry 
and Merier, 2004).   
In the third phase of the experiment, we will send out a follow-up survey, similar to the 
first survey to all of the households (see Figure 1.2). Some of the questions are exactly the 
same as the first survey, specifically the questions asking about usage, what sources of water 
the house uses, etc. Then, additional questions have been added: where they shop for other 
sources of water and filters and who do the households discuss their water quality issues with 
(e.g., family, friends, neighbors, etc.). This follow-up survey will allow us to test the effect of 
the in-home testing kit on households’ behaviors.  
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CHAPTER 4. RESULTS FROM PHASE ONE 
Table 2 gives an overview of the sampled households’ well usage and characteristics 
from the field survey. Most of the households own their homes and have a private well. The 
majority of the wells are more than 20 years old and are less than 150 feet deep. The depth and 
age of a well are factors that help identify and determine the susceptibility of a well to nitrate 
leaching. Newer and deeper wells tend to be less at risk to nutrient pollution. A significant 
percentage (71.1%) of the households have tested their water source; however, the majority of 
the sampled households stated that the testing happened more than two years ago. Homeowners 
almost always have their wells tested when they buy their home, but after the initial purchase, 
annual well testing is recommended but not required. The Iowa Department of Natural 
Resources (DNR) recommends testing households’ water sources at least once a year (“Private 
Well Testing,” n.d.). While once a year is recommended by the Iowa DNR, the amount of 
nitrates in households’ drinking water depends on the time of year and other factors; therefore, 
even more testing periodically throughout the year may be beneficial and informative.  
Table 3 and 4 present answers to the households’ usage questions. The sampled 
households (62.5%) use the well water for all of their drinking water. Many households 
(55.3%) say they use bottled water. Bottled water was the most popular option that households 
used beyond their primary water source. Very few households use water coolers, which is an 
inexpensive option to reduce households’ exposure to nitrates. When it comes to filtering their 
water, many households use in-fridge filters, which are often built into the refrigerator’s 
drinking water system. When asked if the households use a whole-home filtration system, it is 
surprising that 32.3% say they use a whole home filtration system, which makes me believe 
they grouped a hot water heater or a sediment water filter into this section. Therefore, in the 
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follow-up survey in phase three, there is an additional question, “If you have a home filtration 
system, does it include a system to remove nitrates and other pollutants from your well water 
(e.g., a reverse osmosis system)?” to distinguish and clarify which type of whole-home 
filtration system the households indeed have.  In Table 4 below, we specifically asked about 
filter usage. Pitcher filters and on-tap filters are low-cost options for households to filter their 
water; nonetheless, less than eleven percent of our respondents reported using a pitcher filter. 
 
 
Table 3. Other Sources of Water 
Does your household use… Yes No  Not reported  
Bottled water? 55.3 37.5 7.2 
Water coolers (e.g., Culligan)? 5.2 62.0 32.8 
Other 4.0 37.2 58.8 
Source: Author's calculations based on the final survey. Total response is 4,283. Statistics presented as a 
percent of the total response. 
 
Table 2. Household Well Use, Characteristics, and Testing  (Statistics Presented: Percent of responses) 
  
How much of the time do 
you use your well for 
drinking water? 
 
All  
 
Most 
 
Some 
 
None 
 
Not Reported 
62.5 16.0 11.4 8.6 
 
 
1.5 
Approximate age of 
well? 
 
0-10 years 
 
11-20 years 
 
> 20 years 
 
Not Sure 
 
Not Reported 
7.1 15.2 62.5 10.7 
 
4.6 
Approximate depth of 
well? 
 
< 50 feet 
 
51-150 feet 
 
>150 feet 
 
Not Sure 
 
Not Reported 
5.6 35.8 31.0 20.9 
 
6.8 
Have you ever had your 
well water quality tested? 
 
Yes 
 
No 
 
Not Sure 
 
-- 
 
Not Reported 
71.1 20.3 6.8 -- 
 
1.8 
When was the last test 
completed? 
 
1 year 
 
2 years 
 
>2 years 
 
Never 
 
Not Reported 
9.0 9.8 54.3 11.4 
 
15.6 
Have you tested for 
nitrate in your well 
water? 
 
Yes 
 
No 
 
Not Sure -- 
 
Not Reported 
55.3 19.8 15.8 -- 
 
 
9.2 
Source: Author's calculations based on the final survey. Total response is 4,283.  
. 
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Table 4. Household Water Filter Usage 
Does your household use… Yes No Not reported 
Pitcher filters (e.g., Brita)? 10.8 70.3 18.8 
On-tap filters (e.g., Brita)? 6.7 73.0 20.3 
In-fridge filters? 31.4 53.5 15.1 
A whole-home filtration system? 32.3 56.8 11.0 
Source: Author's calculations based on the final survey. Total response is 4,283. Statistics presented as 
a percent of the total response. 
 
Despite the numerous news articles in the Des Moines Register and drinking water 
contamination lawsuits in Iowa, less than 16% of the sampled households have heard of 
drinking water concerns in their local area or county (Eller, March 2019). Many households 
(41.4%) said they have not even heard of drinking water concern news in Iowa. This sample 
is also well educated with 53% having at least a bachelor’s degree. Therefore, with the in-home 
testing kits in phase two, it will be interesting to see if there will be a shift in awareness of 
nitrate pollution and participation in the Grants to Counties Well Water Program.  
For this field survey, six counties were sampled. Butler and Bremer are in Northeast 
Iowa. Jones and Cedar are to the East of Des Moines, and Fremont and Mills are in the 
Southwest corner of Iowa. Most of the counties use their well water as their primary source of 
drinking water. In Jones County, many households (41.3%) have wells deeper than 150 feet, 
which is quite different from a county such as Fremont where the majority of their wells are 
less than 150 feet. This is interesting because more households in Jones use their wells for 
drinking water (68.1%), whereas 14.8% of the households in Fremont reported not using their 
wells at all for drinking water. The responses separated by county clearly show how similar 
the county specific results are (see tables in Appendix). In the table below, as education and/or 
income increases, the percentage of households who tested for nitrates also increased. The 
same is true regarding testing of the households’ primary water source. Most households with 
a master’s degree or higher (79.4%) tested their primary water source. With these phase one 
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results, phase two and three should be very interesting to see if a simple information provision 
will change these households’ behaviors.  
 
 
 
 
 
Table 6. Usage of Primary Source of Water for Drinking Water by County 
How much of the time do 
you use your well for 
drinking water… Bremer Butler Cedar 
 
 
Fremont 
 
 
Jones 
 
 
Mills 
 
 
Can’t determine 
All 63.5 62.6 62.8 60.6 68.1 52.7 55.6 
Most 17.3 14.5 19.1 10.6 16.1 13.5 11.1 
Some 10.8 11.3 11.6 12.5 10.2 14.8 22.2 
None 7.9 11.5 5.8 14.8 5.4 17.5 11.1 
Not reported 0.6 0.0 0.8 1.6 0.2 1.5 0.0 
Source: Author’s calculations based on the final survey. Statistics presented as a percent of the total responses within each county. See 
response totals for each county above in Table 1.  
 
 
 
 
Table 5. Summary of Households’ Education 
Highest level of education? Frequency Percent 
No formal education 362 8.5 
High school diploma or equivalent 49 1.1 
Some college, no degree 1,235 28.8 
Bachelor’s degree 1,175 27.4 
Master’s degree or higher 1,094 25.5 
Can’t be determined 368 8.6 
Source: Author's calculations based on the final survey.  
Total response is 4,283. Statistics presented as a percent of the total response. 
 
Table 7. Tested for nitrates separated by Education  
 
Do you test for nitrates? Yes No Not Sure Not Reported Responses 
No formal education 54.2 27.1 18.8 
 
0.0 
 
48 
 
Highs school diploma or 
equivalent 72.0 20.3 7.3 
 
 
0.4 
 
 
1,178 
 
Some college, no degree 72.0 20.5 7.3 
 
0.3 
 
1,123 
 
Bachelor’s degree 77.1 17.3 5.4 
 
0.3 
 
1,046 
 
Master’s degree or higher 81.7 14.6 3.4 
 
0.3 
 
349 
 
Can’t be determined 58.4 15.6 8.7 
 
17.3 
 
346 
Source: Author’s' calculations based on the final survey.  Statistics presented as a percent of the total 
response. Only well homeowners were included in the calculation of this table. Total response is 
4,090.  
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CHAPTER 5. DISCUSSION & NEXT STEPS 
This paper summarizes the results from the baseline field survey and provides the 
background, motivation, and methodology for phase two and three of the rural drinking water 
experiment conducted in Iowa. In the baseline survey, most of the sampled homes have old 
wells that are under 150 feet in depth. Many of the households do not use filters. The first 
survey was extremely successful with a 53.1% response rate. This entire study is important 
because understanding the cost and benefits of removing nitrates and/or preventing nitrate 
leaching is essential to making good environmental and conservation policies in the future. 
Accordingly, understanding how rural Iowans that have their own private wells will be affected 
is important to fully estimating the benefits of farm conservation practices. 
Previous literature valuing nitrate pollution focuses heavily on the downstream benefits 
of nitrate reduction in the Gulf of Mexico. This project is unique because we are focusing on 
local benefits in Iowa. Also, the social comparison aspect of this project is different because 
the households cannot see the price of nitrate pollution. Even if they reduce their exposure, the 
results may not necessarily be salient, whereas most of the other studies there is a monetary 
benefit like a lower electricity bill. Or in the water experiments, the water borne illnesses 
contracted by the household members in the developing countries usually had symptoms of 
the illness, which most likely is not the case with excess nitrate consumption. This aspect of 
the project will uniquely add to the water quality and information provision literature.  
 Moving forward with this project, phase two testing kits and letters will be sent out in 
the spring of 2019. The follow-up survey will be sent out in the summer of 2019. We will then 
compare the households’ responses to the baseline survey to the follow-up survey. The plan is 
to continue this research by studying these households over time, and the goal is to extend this 
19 
study to further understand households’ willingness to pay for well water information. To do 
this, households will be asked their willingness to pay for more in-home nitrate testing kits, 
and we plan to increase the sample size. These extensions to the project will further help us 
understand and quantify rural Iowans’ avoidance behaviors to nitrate pollution.  
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Table 11. Household Primary Source of Water Usage   
How much of the time do you use 
your water for… All  Most Some 
 
None 
 
Not reported 
Drinking water? 62.5 16.0 11.4 8.6 1.5 
Cooking? 87.0 5.1 4.3 2.2 1.5 
Laundry and dishwashing? 96.2 1.6 0.7 0.2 1.4 
Landscaping and gardening? 89.0 1.5 4.3 2.7 2.4 
Showering/Bathing? 96.5 1.5 0.4 0.2 1.4 
Source: Author’s calculations based on the final survey. Total response is 4,283. Statistics presented as a percent of the total response. 
 
 
 
Table 8. Own or Rent Home 
Do you own or rent your home? Frequency Percent 
Own 3,983 93.0 
Rent 237 5.5 
Not Reported 63 1.5 
Source: Author's calculations based on the final survey.  
Total response is 4,283. Statistics presented as a percent of the total response. 
Table 9. Primary Source of Water 
Private Well? Frequency Percent 
Yes 4,034 98.6 
No 0 0.0 
Not Sure 0 0.0 
Not Reported 56 1.4 
Source: Author's calculations based on the final survey.  Statistics presented as a percent of the total 
response. Only well homeowners were included in the calculation of this table. Total response is 
4,090.  
Table 10. Summary of Households’ Income 
Household Income? Frequency Percent 
<$50,000 1,096 25.6 
$50,000-$100,0000 1,590 37.1 
>$100,000 964 22.5 
Can’t be determined 633 14.8 
Source: Author's calculations based on the final survey.  
Total response is 4,283. Statistics presented as a percent of the total response. 
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Table 12. News of Drinking Water Quality Concerns 
Have you read or heard of news in 
your… Yes No 
 
Not sure Not reported 
Local Area? 13.1 73.9 8.5 4.5 
County? 15.8 67.8 10.9 5.5 
State? 41.9 41.4 12.5 4.6 
Source: Author’s calculations based on the final survey. Total response is 4,283. Statistics presented as a percent of the 
total response. 
 
 
Table 13. Beliefs on Nitrates in Drinking Water 
Do you believe nitrates in your drinking 
water are a problem in your… Yes No 
 
 
Not sure Not reported 
Local Area? 23.3 35.7 38.0 3.0 
County? 25.0 26.4 43.7 4.9 
State? 32.8 16.2 45.9 5.1 
Source: Author’s calculations based on the final survey. Only private well owners were included in the calculation of this 
table.Total response is 4,283. Statistics presented as a percent of the total response. 
 
Table 14. Approximate Age of Well by County 
Approximate Age of Well? Bremer Butler Cedar Fremont Jones Mills Can’t determine 
0-5 years 2.9 2.6 2.9 6.3 3.0 2.5 0.0 
6-10 years 4.3 4.7 3.8 5.5 4.4 2.7 0.0 
11-20 years 12.0 14.9 15.6 22.3 14.0 18.9 11.1 
> 20 years 64.6 66.4 63.6 48.1 66.2 56.5 88.9 
Not sure 12.0 8.2 11.6 12.1 11.0 9.0 0.0 
Not reported 4.2 3.4 2.6 5.9 1.4 10.4 0.0 
Source: Author’s calculations based on the final survey. Statistics presented as a percent of the total responses within each county. See 
response totals for each county above in Table 1.  
 
Table 15. Approximate Depth of Well by County 
Approximate Age of Well? Bremer Butler Cedar Fremont Jones Mills Can’t determine 
Less than 50ft 4.5 5.0 2.4 21.5 2.2 14.2 22.2 
51-150ft 43.1 41.3 35.3 38.7 29.1 38.7 33.3 
More than 150ft 28.2 32.0 32.9 14.5 41.3 16.2 33.3 
Not sure 17.9 17.3 24.5 18.4 23.2 18.3 11.1 
Not reported 6.3 4.5 5.0 7.0 4.2 12.7 0.0 
Source: Author’s calculations based on the final survey. Statistics presented as a percent of the total responses within each county. See 
response totals for each county above in Table 1.  
 
Table 16. Water Quality Testing by County 
Have you ever had your well 
water quality tested? Bremer Butler Cedar 
 
Fremont 
 
Jones 
 
Mills 
 
Can’t determine 
Yes 76.0 81.2 72.8 71.4 68.7 76.3 66.7 
No 16.0 11.8 20.1 19.3 23.0 17.4 33.3 
Not sure 6.9 6.3 6.3 7.6 7.7 5.7 0.0 
Not reported 1.1 0.8 0.9 1.7 0.5 0.7 0.0 
Source: Author's calculations based on the final survey. Statistics presented as a percent of the total response. Only well homeowners were 
included in the calculation of this table. Total response is 4,090.  
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Table 17. Most Recent Water Quality Testing by County 
When was the last test 
completed? Bremer Butler Cedar 
 
Fremont 
 
Jones 
 
Mills 
 
Can’t determine 
In the last year 8.3 12.1 8.2 9.8 7.4 11.4 33.3 
In the last 2 years 12.2 11.7 7.7 10.9 9.3 10.8 0.0 
More than 2 years 56.7 55.4 58.1 52.3 53.5 49.2 33.3 
Never 9.7 8.9 12.2 9.0 12.9 12.3 33.3 
Not reported 12.8 11.9 13.8 18.0 16.9 16.4 0.0 
Source: Author’s calculations based on the final survey. Statistics presented as a percent of the total responses within each county. See 
response totals for each county above in Table 1.  
 
Table 18. Tested for Nitrates by County 
Have you tested for nitrates 
in your well water? Bremer Butler Cedar 
 
Fremont 
 
Jones 
 
Mills 
 
Can’t determine 
Yes 59.6 64.3 51.6 51.2 54.5 56.0 55.6 
No 17.0 15.6 21.4 18.8 21.5 21.9 33.3 
Not sure 14.8 12.5 19.3 16.8 16.3 12.7 11.1 
Not reported 8.6 7.6 7.7 13.3 7.7 9.4 0.0 
 
  
Source: Author’s calculations based on the final survey. Statistics presented as a percent of the total responses within each county. See 
response totals for each county above in Table 1.  
 
 
Table 19. Tested Primary Water Source separated by Education 
Primary water source 
tested? Yes No Not Sure 
 
Not Reported 
 
Responses 
No formal education 53.1 28.6 18.4 
 
0.0 
 
49 
 
Highs school diploma or 
equivalent 70.5 21.5 7.5 
 
 
0.5 
 
 
1,235 
 
Some college, no degree 70.9 21.6 7.2 
 
0.3 
 
1,175 
 
Bachelor’s degree 74.9 19.0 5.6 
 
0.6 
 
1,094 
 
Master’s degree or higher 79.4 16.6 3.5 
 
0.5 
 
368 
 
Can’t be determined 56.4 18.0 9.1 
 
16.6 
 
362 
Source: Authors' calculations based on the final survey. Statistics presented as a percent of the total 
responses within each education category. 
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Table 20. Tested for nitrates separated by Income 
Do you test for nitrates? Yes No Not Sure Not Reported Responses 
<$25,000 40.1 23.6 26.2 
 
10.1 
 
237 
 
$25,000 -$50,000 53.0 21.3 17.0 
 
8.7 
 
859 
 
$50,000-$100,000 57.7 20.8 14.8 
 
6.7 
 
1,590 
 
$100,000-$200,000 61.0 19.6 13.4 
 
6.0 
 
828 
 
>$200,000 64.0 16.2 11.0 
 
8.8 
 
136 
 
Can’t be determined 48.5 14.9 16.8 
 
19.9 
 
633 
Source: Author’s' calculations based on the final survey. Statistics presented as a percent of the total 
responses within each education category. 
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Figure 1. Approximate Age of Well 
 
 
Figure 2. Approximate Depth of Well 
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Figure 3. Phase 1 Survey 
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Figure 4. Phase 3 Drafted Follow-Up Survey 
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